ABSTRACT. True hermaphrodites are animals of equivocal sex in which both male and female gonads develop simultaneously in the same individual. The frequency of true hermaphroditism is relatively higher in pigs than in other domestic animals. Two Korean pigs were diagnosed with true hermaphroditism showing ovotestes, epididymides, a penis and uteri. The testicular tissues consisted of Sertoli cells that were devoid of spermatogenic cells and showed proliferation of interstitial cells. However, uteri looked normal and had well-developed endometrial glands. Samples showed the interpretation of 38, XX female karyotype and sex-determining region Y (SRY) gene expression was negative. These findings could be helpful to understand true porcine hermaphroditism for animal research as well as for the industry of Korean domestic animals.
Hermaphrodites are characterized by the coexistence of male and female sex characteristics in a single organism. Hermaphroditism is caused by congenital adrenal hyperplasia, fetal exposure to sex hormones, testicular feminization syndrome, XY gonadal dysgenesis, XY gonadal agenesis or chromosomal abnormalities. There are three types of hermaphroditism defined by the states of the sex chromosomes or external genitalia; i) true hermaphroditism, ii) male pseudohermaphroditism and iii) female pseudohermaphroditism [6] . True hermaphrodites are animals with either combined gonads (ovotestes) or one ovary on one side and one testicle on the other side [12] . Only ovaries function properly in true hermaphrodites, as the majority of true hermaphrodites exhibit XX sex chromosomes. The external genitalia are often ambiguous and express a wide range of sexual differentiation, depending mainly on the amount of testosterone produced by the testicular tissue [8] . True hermaphroditism is a rare congenital abnormality in domestic animals, but is most common in cattle [10] , goats [1] and pigs [4] . Although in-depth studies of true hermaphroditism in pigs have been conducted in other countries, there are no published reports in Korea. The goal of this report is to introduce true hermaphroditism in Korean domestic pigs.
Reproductive organs of two pigs showing true hermaphroditism were obtained from a local slaughterhouse in Buyeo, Chungnam. Ovotestes were stained with hematoxylin and eosin. For karyotyping, fibroblast cell cultures and G-banding were performed as previously described [11] . To confirm sex-determining region Y (SRY) gene expression, forward (5'-CGTGATCAAAGGAGAAAAGT-3') and reverse (5'-CGTTAGCCTCTGTGCCTCCT-3') primers were designed. PCR was performed using a C1000 TM Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, U.S.A.) with reaction containing 20 µl of 2× Probe Master (Toyobo Co., Ltd., Life Science Department, Osaka, Japan), 10 pmol of each primer and 2 µl of DNA template. The cycling conditions were 5 min at 95°C followed by 30 cycles of 30 sec at 95°C, 30 sec at 60°C and 30 sec at 72°C, followed by a final extension at 72°C for 7 min.
Two gonadal samples shown in Fig. 1 included two uterine horns and body ( Fig. 1a and 1c ) and a small penis (Fig. 1a) expressing a wide range of phenotypic ambiguity. Both pigs possessed ovotestes and epididymides in which both testicular and ovarian aspects were noted ( Fig. 1a  and 1c; Fig. 2a-c) . The testicular tissue was located in the medulla of the gland, and the ovarian tissue was located in the cortex. The testicular tissue contained irregularly shaped seminiferous tubules lined with Sertoli cells without spermatogenic cells and exhibited proliferation of interstitial cells (Fig. 2d and 2e) . The ovarian tissue contained a few atretic and irregular cystic follicles (Fig. 2d and 2f) , and the epididymal tubules, all of which were empty and lined with multilayered ciliated columnar epithelial cells, were embedded in proliferating connective tissue (Fig. 2g and 2h ). However, the uterus showed a normal architecture and had well-developed uterine endometrial glands ( Fig. 2i and 2j ). Both pigs showed 38, XX female karyotype without any chromosomal alterations (Fig. 3) . Genomic DNA from endometrial epithelial cells of each animal was used to investigate SRY (GenBank number: NM 214452.2). This gene is wellknown as a partial sequence of the testis-determining factor gene (TDF) located on the Y chromosome and is responsible for initiating male sex determination [2, 7, 15] . SRY gene was detected only in male positive control, but female negative control and both of true hermaphrodite were negative (Fig. 4) , implying that male sexual differentiation can occur in the absence of SRY.
Usually, true hermaphrodites exhibit apparently normal ovaries, but possess under-developed testicular tissue without germ cells [8, 12] . Depletion of the spermatogenic cells might result from hyperthermia due to the pelvic location of the testes or failure of germ cells to remain in primitive seminiferous tubules. According to a previous study, majority of true hermaphrodites in pigs are of XX karyotype with various degrees of masculinization, and lack of the Y chromosome containing the sex determining SRY gene [3, 5] . This observation may be explained by translocation or loss of Y chromosome, autosomal mutation, and duplication of the X chromosome, resulting in XX karyotype but retaining a functional Y-chromosomal fragment such as the SRY gene [9, 14] .
The present study characterized two cases of true hermaphroditism in domestic Korean pigs on the basis of morphological, histological and genetic analyses. Approximately 0.5% of apparently female domestic pigs may be hermaphrodites, and most of them are sterile. Economic losses may be caused by this lack of fertility as well as by the low quality of meat products obtained from hermaphrodite pigs [5, 13] . The findings of this study could contribute to the understanding of true hermaphroditism in the Korean pig industry and more broadly in organismal research. 
